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Case S 93/16 - Ureins derived from of . gj. -diam lno acids 
and process for their preparation 

\ ^ 

The present invention relates to new ureins 
derived from a, «- diamino acids and to a new process for 
the preparation of such compounds. 

Ureins derived from diamino acids can conven- 
tionally be prepared by carbamoylation by means of a 
cyanate or of an isocyanate. This known procedure does 
not, however, appear entirely satisfactory, mainly due to 
insufficient specificity of these reactants for the amino 
functional group to be carbamoylated and due to the 
sometimes significant racemization which such a treatment 
can cause. 

The invention overcomes the disadvantages of the 
15 conventional processes by providing a new, particularly 
outstanding, process which makes it possible to obtain 
the desired product with an improved chemical yield while 
retaining outstandingly well the chiral purity of the 
compounds used. 

The invention consequently relates to a process 
O for the preparation of ureins derived from an a,w-diamino 

acid, according to which a compound containing a free 
p amino group is reacted, in basic medium, with a diamino 

^ acid derivative containing an N^-aryloxycarbonyl group. 

25 Urein is understood to denote any compound whose 

molecular structure contains the structure -NH-CO-NH- . 

Amino acid is understood to denote, for the 
purposes of the present invention, any compound compris- 
ing at least one amino group and at least one carboxyl 
30 group. By extension, the term "amino acid" is also 
understood to encompass hereinbelow any amino • acid in 
which certain other groups are optionally bonded to 
organic groups such as protective groups. In particular, 
of,uj-diamino acid is understood to denote any amino acid 
3 5 comprising at least one amino group and at least one 
carboxyl group bonded to the same carbon atom of the 
molecule and additionally comprising at least one other 
amino group bonded to another carbon atom. It most often 
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concerns a compound of general formula 

NH 2 - A - CH • - COOH 

NH 2 *■ ' 

in which A represents a bivalent group consisting of a 
carbon chain containing 1 to 8 carbon atoms, which chain 
is optionally substituted by one or a number of groups 
chosen from C y -C 3 alkyl groups and functional groups 
comprising at least one oxygen or sulphur atom such as a 
carboxyl, acyl, hydroxy 1, alkoxy or mercapto group, 
without the total number of carbon atoms in the group A 
being greater than 15. A is preferably a polymethylene 
group comprising from 2 to 5 carbon atoms. Mention may be 
made, as examples of <x,w-diamino acids, of especially 
2,3-diaminopropanoic acid, 2 , 4 -diaminobutanoic acid, 
ornithine, lysine, homolysine, 5 -hydroxy lysine, 6 -methyl - 
lysine and 2 , 6 - diaminopimelic acid. 

Diamino acid derivative containing an N^-aryloxy- 
carbonyl group, also subsequently known as N^- (aryloxy- 
carbonyl) diamino acid, is understood to denote any 
diamino acid derivative in which an aryloxycarbonyl group 
of formula R-0-CO-, R symbolizing an aryl group, is 
bonded to the nitrogen atom of the to- amino group of the 
diamino acid. 

In the process according to the invention, the 
use of a diamino acid derivative containing an N*°- aryl- 
oxycarbonyl group is critical. In fact, it is apparent, 
surprisingly, that the aryloxycarbonyl group bonded to 
the w- amino group of the amino'' acid leads, in the 
presence of a compound containing a free amino group, to 
the formation of a urein by substitution of the aryloxy 
fragment of the said aryloxycarbonyl group by the free 
amino group of the said compound. 

The N"- aryloxycarbonyl derivative of the diamino 
acid used generally contains, as aryloxycarbonyl group, 
a group comprising from 7 to 15 carbon atoms. This 
aryloxycarbonyl group is most often a phenyloxycarbonyl 
or naphthyloxycarbonyl group optionally substituted by at 



least one group chosen from alkyl groups comprising from 
1 to 4 carbon atoms and the nitro group. Mention may be 
made, as examples of aryloxycarbonyl groups which can be 
used in the process according to the invention, of the 
pheny loxycarbonyl , tolyloxycarbonyl , xylyloxycarbonyl , 
mesi tylyloxycarbonyl , e thy lpheny loxycarbonyl f diethyl - 
pheny loxycarbonyl , propy lpheny loxycarbonyl , isopropyl - 
pheny loxycarbonyl, naphthy loxycarbonyl and nitrophenyl- 
oxycarbonyl groups. The aryloxycarbonyl group is prefer- 
ably a phenyloxycarbonyl or p- tolyloxycarbonyl group. 
Good results have been obtained in the process according 
to the invention with the N"- phenyloxycarbonyl derivative 

of the diamine acid. 

An N^- aryloxycarbonyl derivative of any 
diamino acid can be used in the process according to the 
invention. 

The N"*- (aryloxycarbonyl) diamino acid is a product 
which is inexpensive and readily accessible. It can be 
prepared conventionally by resorting to well known 
selective acylation techniques, for example via the 
copper complex according to a procedure similar to that 
described in particular in "Methoden Der Organischen 
Chemie" (Houben-Weyl) , 1974, Volume XV/1, p. 472, con- 
cerning N € -benzyloxycarbonyl-L-lysine. As the a-amino 
functional group is complexed by the copper ion, the 
aryloxycarbonyl group can be selectively attached to the 
w- amino functional group of the diamino acid by reaction 
with an aryl chlorof ormate or an aryloxycarbonyloxysuc- 
cinimide. 

The compound comprising a free amino group which 
reacts with the N"- (aryloxycarbonyl) diamino acid in the 
process according to the invention is any compound of 
general formula R1R2NH in which Rl and R2 represent, 
independently of one another, hydrogen atoms or alkyl, 
cycloalkyl or aralkyl radicals or in which Rl and R2 
together form an alicyclic radical. In this compound, the 
alkyl, cycloalkyl, aralkyl or alicyclic radicals can be 
substituted by one or a number of functional groups 
comprising at least one oxygen, sulphur or nitrogen atom, 



for example by a carboxyl, hydroxyl, mercapto, indolyl or 
imidazolyl group. Compounds which can be used in the 
process according to the invention are in particular 
ammonia, primary or secondary amines 'and the amino acids 
as defined above. The process according to the invention 
is particularly advantageous when the compound comprising 
a free amino group is an amino acid. 

When the N* 1 '- (aryloxycarbonyl) di amino acid is a 

derivative of an a,w-diamino acid in which the carbon 
chain of the group A consists of 1 to 3 carbon atoms, the 
N* 0 - (aryloxycarbonyl) diamino acid acts, in the process 
according to the invention, both as N"- aryloxycarbonyl 
derivative and, via its a-amino group, as compound 
containing a free amino group. The result thereof, via an 
intramolecular reaction, is the formation of cyclic 
ureins of general formula 

A - CH - COOH 




in which A represents a bivalent group consisting of an 
optionally substituted linear carbon chain formed from 1 
to 3 carbon atoms. 

In the process of the invention/ by way, of 
illustration, N^- aryloxycarbonyl -2 , 3 -diaminopropanoic 
acid forms 2 -oxoimidazolidinyl -4 -carboxyl ic acid, N 7 - 
aryloxycarbonyl-2, 4 -diaminobutyric acid forms 2-oxohexa- 
hydropyrimidinyl-4-carboxylic acid and - (aryloxycarbon- 
yl) orni thine forms 2 - oxohexahydro - 1 , 3 - diazepinyl - 4 - car - 
boxylic acid. 

When the N^- (aryloxycarbonyl) di amino acid is a 
derivative of an a,u-diamino acid in which the carbon 
chain of the group A consists of at least 4 carbon atoms, 
the N"- (aryloxycarbonyl) diamino acid is converted, in the 
process according to the invention, into a non- cyclic 
urein of general formula 



- 5 - 



Rl 
\ 

N-C-NH-A.-CH- COOH 

/ II I 

R2 0 NH 2 , > 

in which Rl and R2 have the same meaning as above and in 
which A represents a bivalent group consisting of an 
optionally substituted linear carbon chain formed from at 
least 4 carbon atoms. In the process of the invention, by- 
way of illustration, homocitrulline is obtained by 
reaction between N e - (phenyloxycarbonyl) lysine and 
ammonia. When the compound comprising a free amino group 
is an amino acid, an N* 0 - (carboxyalkyl carbamoyl) -ot, u- 
diamino acid is obtained by the process according to the 
invention. 

An N w - (aryloxycarbonyl) diamino acid incorporated 
in a peptide chain can, without disadvantage, be used in 
the process according to the invention. In particular, 
when the N w - (aryloxycarbonyl) diamino acid is a derivative 
of an a, to- diamino acid in which the carbon chain of the 
group A consists of 1 to 3 carbon atoms and when this 
compound constitutes the N- terminal residue of a peptide 
chain, the process according to the invention makes it 
possible easily to obtain peptides of general formula 

A-CH-CO-NH-P 

I I 

HN NH 

0 

2 0 in which A represents a bivalent group consisting of an 
optionally substituted linear carbon chain formed from 1 
to 3 carbon atoms and in which NH - P represents any 
peptide chain bonded to the cyclic urein via an amide 
bond. 

25 The process according to the invention is carried 

out in a basic medium. 

The process according to the invention is gen- 
erally carried out in a liquid medium in which the No- 
tary loxycarbonyl) diamino acid and the compound comprising 




a free amino group are at least partially soluble and 
preferably entirely soluble. Depending on the nature of 
the reactants, the medium can comprise water and/or an 
organic solvent. Organic solvents which are suitable in 
the process according to the invention are lower alcohols 
such as in particular methanol, ethanol and isopropanol, 
tetrahydrofuran and dime thoxy ethane. Media consisting of 
water and of a water-miscible organic solvent are 
preferred. Good results have been obtained in particular 
in a water/ ethanol medium. 

The basicity of the medium can be obtained by 
addition of a basic compound to the medium, for example 
by addition of an inorganic base such as LiOH, NaOH or 
KOH or by addition of an organic base which is inert 
under the reaction conditions, such as a tertiary amine. 
Good results have, in particular, been obtained in the 
presence of LiOH or of tri ethyl amine. When the compound 
containing a free amino group is an amino acid containing 
free carboxyl functional groups, the basic compound must 
be used in an amount sufficient to neutralize the 
carboxyl functional groups. 

In order to obtain cyclic ureins, the intra- 
molecular reactivity of the N w - (aryloxycarbonyl) di amino 
acid is such that it is possible, without problems, to 
add a compound containing a free amino group, such as 
ammonia, to achieve the desired basicity of. the medium, 
without this appreciably affecting the yield of the 
reaction in cyclic urein. 

In order to obtain non-cyclic ureins, when the ot- 
amino group of the N w - (aryloxycarbonyl) diamino acid is 
free, it is necessary, in order to avoid a condensation 
reaction of the N"- (aryloxycarbonyl) diamino acid concur- 
rent with the desired reaction with the compound con- 
taining a free amino group, to operate with an excess, 
with respect to the stoichiometric amount necessary, of 
the compound containing a free amino group which it is 
desired to react with the N^- (aryloxycarbonyl) diamino 
acid. Good results are obtained when the reaction is 
carried out with a molar ratio of the compound containing 



a free amino group to the N«- (aryloxycarbonyl) diamino 
acid which is at least equal to 3. The reaction is 
preferably carried out with a ratio at least equal to 4. 
In principle, there is no upper 1111114: to this ratio. In 
practice, however, it is generally pointless to carry out 
the reaction with a molar ratio of the compound contain- 
ing a free amino group to the N*°- (aryloxycarbonyl) diamino 
acid which is greater than 100. The molar ratio most 
often does not exceed 10. When the compound containing a 
free amino group is an amino acid or a peptide, the molar 
ratio preferably does not exceed 7. When the compound 
containing a free amino group has a sufficiently basic 
nature, it may prove to be pointless to add another basic 
compound to the medium. 

The process according to the invention can be 
implemented in a wide concentration range of the reac- 
tants in the liquid medium, in particular for obtaining 
cyclic ureins. The N w - (aryloxycarbonyl) diamino acid is 
generally used at a concentration of 0.05 to 5 mol/1, 
preferably of 0.1 to 1 mol/1. 

The reaction can be carried out from room tem- 
perature to the boiling temperature of the organic 
solvent. It is advantageously carried out from 3 0 to 
80°C. A temperature of 40 to 60°C is very particularly 
preferred. 

Under these conditions, the reaction time is 
generally less than 10 hours. The reaction is most often 
complete after a time of 3 0 minutes to 4 hours. 

The process according to the invention appears 
particularly advantageous for preparing ureins derived 
from a,co-diamino acids. The N"- aryloxycarbonyl derivative 
for the diamino acid used in the process according to the 
invention can be easily and cheaply prepared from the 
diamino acid. It can easily be isolated in the pure form. 
It is stable and can be stored for a long time without 
deteriorating. The process according to the invention is 
particularly outstanding. It makes it possible to obtain 
the desired ureins with a very high yield. It 
additionally has very little effect on the chirality of 



the compounds used. Moreover, the departure of the 
aryloxy fragment of the aryloxycarbonyl group only 
generates relatively inoffensive by-products in the 
medium which do not disturb the synthesis. For example, 
when it concerns the phenyl oxycarbonyl group, only phenol 
is generated. Consequently, when the compounds used 
contain very labile groups, such as certain protective 
groups, the by-products generated in the medium do not 
cause any damage to these compounds. Purification of the 
desired products is markedly .simpler than in the previous 

known processes. 

The invention also relates to N^-carboxyalkyl- 
carbamoyl-a,w-diamino acids, ureins derived from an 
diamino acid, of general formula 

R3-NH-C-NH-A-CH- COOH 
0 NH 2 

in which A represents a bivalent group consisting of a 
linear carbon chain formed from 4 to 8 carbon atoms, 
which chain is optionally substituted by one or a number 
of groups chosen from C^-Cj alkyl groups and functional 
groups comprising at least one oxygen or sulphur atom 
such as a Cdrboxyl, acyl, hydroxyl, alkoxy or mercapto 
group, and in which R3-NH represents an amino acid or a 
peptide. A is preferably a polymethylene group containing 
4 or 5 carbon atoms. R3-NH is preferably an amino acid 
and more preferentially an essential amino acid. 

These new compounds constitute compounds with a 
structure similar to that of dipeptides and can be used 
in particular in place of - the corresponding dipeptides, 
in particular as a source of essential amino acids in 
parenteral human feeding or in animal feeding. 

The invention also relates to the cyclic ureins 
of general formula 



A - CH - COOH 

I I 

HN NH * 

o 

in which A represents a bivalent group consisting of a 
linear carbon chain formed from 1 to 3 carbon atoms, 
which chain is optionally substituted by one or a number 
of groups chosen from C r C 3 alkyl groups and functional 
groups comprising at least ; one oxygen or sulphur atom 
such as a carboxyl, acyl, hydroxyl, alkoxy or mercapto 
group, with the exception of 2 -oxoimidazolidinyl -4 -car- 
boxylic acid and (LD) -2 -oxohexahydropyrimidinyl - 4 - 
carboxylic acid. A preferably represents a bivalent group 
consisting of an optionally substituted carbon chain con- 
sisting of 2 or 3 carbon atoms. In a particularly 
preferred way, A represents a trimethylene group - (CH 2 ) 3 - . 
In this case, the urein formed is 2 -oxohexahydro-1, 3 - 
diazepinyl-4 -carboxylic acid, easily obtained by the 
process according to the invention from ornithine. 

Depending on whether the (D) or (L) enantiomer of 
the diamino acid is used in the process according to the 
invention, the (D) or (L) enantiomer of the corresponding 
cyclic urein is obtained in the chirally pure form. 

These cyclic ureins can be used in particular as 
the N- terminal residue of certain biologically active 
peptides, such as the hormone TRH (Thyrotropin Releasing 
Hormone), by replacing the N- terminal pyroglutamyl group 
of this peptide. 

Finally, the invention -.relates to peptides 
analogous to TRH, of general formula 

A - CH - CO - His - Pro - NH 2 

I I 
HN NH 

6 

in which A is a bivalent group consisting of a linear 
carbon chain formed from 2 or 3 carbon atoms, which chain 
is optionally substituted by one or a number of groups 
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chosen from Cj-Cj alkyl groups and functional groups 
comprising at least one oxygen or sulphur atom such as a 
carboxyl, acyl, hydroxy 1 , alkoxy or mercapto group. A is 
preferably a polymethylene group. The peptide in which A 
is a trimethylene group is preferred. These peptides have 
an increased resistance to proteolytic digestion while 
retaining a high biological activity. 

The symbolic representations of the amino acids 
and of the peptides adopted in the description and 
examples follow the IUPAC nomenclature recommendations 
generally adopted and described, for example, in "Nomen- 
clature and Symbolism for Amino Acids and Peptides, 
Recommendations 1983", Eur. J. Biochem. (1984), 138f 
p. 9-37. Except when otherwise stipulated, all the amino 
acids described are (L) -amino acids. 

The following examples illustrate the invention. 
The various products and synthetic intermediates 
reported in the examples were characterized by various 
analytical methods used under the following conditions: 

optical rotation (a) : measured at 589 nm at 25°C 

Thin layer chromatography (TLC) : 

• Merck 60F-254 silica gel plates 

• eluents: Rf(l) Ethyl acetate :n-butanol : acetic 

acid: water 1:1:1:1 

Rf (2) Acetonitrile: chloroform: acetic 
acid: water 5:2:2:1 

Rf (3) Acetonitrile : chloroform: acetic 
acid:water 7:4:4:2 
HPLC chromatography: 

• 5 ptm Vydac C-18 column 

• Elution: 98 % A + 2 % B to 25 % A + 75 % B grad- 

ient over 49 minutes (A = water con- 
taining 0.1 % trif luoroacetic acid; B = 
acetonitrile containing 0.1 % tri- 
f luoroacetic acid) 

• Flow rate = 2 ml/min 

• Detection: 220 nm UV 

Nuclear magnetic resonance (NMR) : 

• 500 MHz Bruker AMX apparatus 



- 11 - 



• Shift given in ppm 

• Appearances of the resonances: m=multiplet, 

s=singlet, 

d-doublet, 

t=triplet, 

q=quartet, 

quint =quintet, 

o=octet. 

Example 1: Synthesis of N £ - (N 0 *- tryptophanocarbonyl) lysine 
5.1 g (25 mmol) of tryptophan, 1.34 g (5 mmol) of 
N € - (phenyl oxycarbonyl) lysine and 1.05 g (25 mmol) of 
LiOH*H 2 0 were weighed into a 100 ml round -bottomed flask 
and then 40 ml of water were introduced into the round- 
bottomed flask. The latter was immersed in an oil bath 
maintained at 75°C for 45 minutes, was then rapidly 
cooled to room temperature under flowing water and then 
treated with 25 ml of hydrochloric acid. The precipitate 
formed was filtered, after leaving overnight in a re- 
frigerator. 

HPLC analysis showed complete conversion of the 
N € - (phenyloxycarbonyl) lysine to 2 products having, under 
the analysis conditions, a retention time (t R ) of 12.23 
and 13.95 minutes, with a 13:1 ratio in the peak surface 
areas. The products were separated by injecting the 
filtrate as is into a preparative C-18 HPLC column and 
then lyophilized. 880 mg of N € - (N<*- tryptophanocarbonyl) - 
lysine and 76 mg of N € - (N € - (N**- tryptophanocarbonyl) -N*- 
lysinocarbonyl) lysine were obtained. 

The physicochemical properties of N € - (N**- tryptophanocar- 
bonyl) lysine are the following: 
M.p. : 133°C 

a : + 3.31 (c = 1, 1 % acetic acid) 
TLC : Rf(3) = 0.34 
NMR (H-l) in d^-DMSO: 

11.00 (lH,s), indole NH 

7.32 (lH,d), Indole H7 

7.03 (lH,t), indole H6 

6.28 (1H, broad t) , Lys eNH 

4.36 (lH,m) , Trp Ha 

3.12 (lH,dd) f Trp HpA 



7.50 (lH,d) 

7.09 (lH,s) 

6.94 (lH,t) 

6.18 (lH,d) 

3.30 <lH,m) 



indole H4 
indole H2 
indole H5 
Trp aNH 
Lys Ho; 



2.99 (lH f dd), Trp H0B 
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2.94 (2H,m) f Lys He's 1.70 (1H, m) , Lys HpA 

1.60 (lH,m), Lys H0B 1.31 (4H,m) , Lys Hy ' s + H5's 

Example 2: Synthesis of N € - (me thloninocarbonyl) lysine 

N e - (Methioninocarbonyl) lysine was prepared from 

methionine and N € - (phenyloxycarbonyl) lysine according to 

the same recipe as that described in Example 1. It has 

the following physicochemical properties: 

M.p. : 148°C 

a : - 9.5 (c = 1, 1 % acetic acid) 
TLC : Rf(3) - 0.27 
HPLC : t R = 7.14 min 
NMR (H-l) in d^-DMSO: 

6.43 (1H, broad d) , Met NHa 6.33 (1H, broad t) , Lys NHe 

4.11 (lH,m), Met Ha 3.35 (lH,m) , Lys Ha 

2.95 (2H, m) , Lys He's 2.33 (2H,t), Met Hy's 

2.02 (3H,s), Met CH 3 1-88 (lH,m) , Met H0A 

1.77 (lH,m), Met H0B 1.72 (lH,m) , Lys H0A 

1.65 <lH,m), Lys HPB 1.33 (4H,m) , Lys Hy's + H5's 

wirampTA 3: Synthesis of (D) - 2 - oxohexahydro -1,3 - 
dlazepinvl-4-carboxvllc acid 

7.7 ml (± 100 mmol) of 25 % aqueous ammonia were 
added to a suspension of 1.27 g (5 mmol) of (D) -N a - (phen- 
yloxycarbonyl) ornithine in 15 ml of dimethoxyethane and 
10 ml of water. The degree of conversion was monitored by 
TLC. Once the (D) - (phenyloxycarbonyl) ornithine had 
disappeared, the reaction mixture was concentrated to 
dryness. The residue was triturated with 20 ml of 80 % 
acetone, filtered and dried. At this stage, it was 
determined by NMR that the crude product obtained was the 
ammonium salt of (D) -2 -oxohexahydro- 1, 3 -diazepinyl -4- 
carboxylic acid, contaminated with approximately 5 % of 
citrulline (Yield: 820 mg or 92 % as crude product) . (D) - 
2 -Oxohexahydro -1,3- diazepinyl - 4 - carboxylic acid was 
obtained, with a purity greater than 9 8 %, by passing the 
crude product as an aqueous solution through an ion 
exchange resin column in the H + form and then 
lyophilizing. 

M.p. : 130-150°C (decomposition) 
a : + 14.6 (c = 1, water) 

TLC : Rf(3) : 0.7 0 no longer reacting with ninhydrin 
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Rf(3) : 0.16 for citrulline 

RjO) : 0.54 for N 6 - (phenyloxycarbonyl) ornithine 

NMR(H), ref d^-DMSO at 2.49: 

6.20 (1H, broad s) , NH1 5 . 55> {1H, broad s) , NH3 

3.75 UH,m), H4 2.89 (2H,m) H7 

1.90 (lH,m) H5A 1-77 <lH,m) H5B 

1.55 (2H,m) , 6 H ■ s 
NMR(C-13) ref d^-DMSO at 39 .50: 

173.45 (COOH) 163.65 (C2) 

54.43 (C4) 31.03 (C5) 

26.81 (C6) 

g yam p lft 4; Synthesis of (L) - 2 - oxohexahydropyr imidln yl - 4 - 

carboxylic acid 

2 g (8.3 mmol) of (L) -N?- (phenyl oxycarbonyl) di - 
aminobutyric acid were dissolved in 10 ml of water and 
5 ml of methanol. After addition of 3 ml (22 mmol) of 
triethylamine, the solution was heated under gentle 
reflux until the starting material had completely disap- 
peared (monitoring by TLC) . The solution was concentrated 
to dryness and then suspended in 50 ml of dichloro- 
methane. The product, then in the triethylamine (L) -2- 
oxohexahydropyrimidinyl-4-carboxylate form, was displaced 
by addition of 1.8 ml of trif luoroacetic acid. As 
triethylamine trif luoroacetate is very soluble, (L) -2- 
oxohexahydropyrimidinyl- 4 -carboxylic acid selectively 
precipitates. It was recovered by filtration, washed with 
dichloromethane and then dried. 
Yield : 95 % 
a: + 20.1 (c = 1, water) 
TLC : Rf(2) = 0.55 
NMR (*H) ref D 2 0 at 4.80: 

4.27 (lH,t), Ha 3.35 (lH,d of t) , HyA 

3.22 <lH,o), HyB 2.13 to 2.18 (2H,in) , H0A+B 

Example 5: Synthesis of (2-oxohexahvdr o-l, 3 -diazeplnvl-4- 
carbony l) -His - Pro-NH, 

lg (1.40 mmol) of N 6 - (phenyloxycarbonyl) Orn-His- 
Pro-NH 2 bis (trif luoroacetate) was dissolved in 10 ml of 
methanol containing 0.7 5 ml (5.4 mmol) of triethylamine. 
The solution was brought to gentle reflux at a tempera- 
ture of approximately 65 °C until the starting material 



# -"- • 

had disappeared (monitoring by TLC) • The solution was 

concentrated to dryness and triturated with 20 ml of 

dichloromethane. After filtration, the crude product 

collected (0.52 g) was purified by. C-4 reverse phase 

preparative chromatography. The analytical sample 

isolated in the acetate salt form has the following 

physi co chemical properties: 

a = -8.1 (c = 1, 1 % acetic acid) 

M.p.: 105°C 

TLC RfU) =0.42 

NMR ( 1 H, D 2 0) : Some resonances are split due to the 
cis/trans isomerism at the His-Pro bond. The results for 
the major form (± 85 %) are taken up below: 

8.56 <1H,8), imidazole H2 7.34 (lH,a), imidazole H5 

i 5.08 (lH,dd), His Ha 4.46 <lH,dd) , Pro Ha 

4.07 <lH,dd), Ode Ha 3.81 (lH,m) , Pro HdA 

3.65 UH,m), Pro H6B 3.30 (lH,dd), His HflA 

3.19 <lH,dd), His HPB 3.08 to 3.02 (2H,m) , Ode HfiA+B 

2.36 <lH,m), Pro HpA 2.15 to 1.95 (5H + acetate CH 3 ) 

0 1.74 (lH,m) Ode H Y A 1-51 UH,m) , Ode H Y B 

TZTram pT f> 6: Svntheflis of ( 2 - oxohexahydropyr imidinyl - 4 - 

r.arbonvl ) Hi s - Pro - NH ? 

432 mg (3 mmol) of (L) -2 -oxohexahydropyr imidine- 
4-carboxylic acid were dissolved in 10 ml of N-methylpyr- 
!5 rolidone containing 0.33 ml (3 mmol) of N-methylmor- 
pholine. 0.39 ml of isobutyl chlorof ormate were added to 
the solution cooled to -10°C. After reacting for 
5 minutes at -10°C, a solution of 5 ml of N-methyl- 
pyrrolidone containing 1.25 g (3 mmol) of His-Pro- 
0 NH 2 -2HBr and 0.90 ml of triethylamine (6.5 mmol) was 
added. After maturing for a time of 30 minutes at room 
temperature, the reaction mixture was added dropwise to 
50 ml of ethyl ether. The precipitate obtained was 
filtered, then washed twice with 2 0 ml of dichloromethane 
\S and dried, giving 1.3 g of product. It was purified by 
passing through a column of silica gel, the same mobile 
phase being used as in TLC. 

Analytical data: 
a = -23.8 (c = 1, acetic acid) 
40 M.p. = 140°C 
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TLC: Rf(l) = 0.33 

NMR^H) in D 2 0. Some resonances are split due to 
the cis/trans isomerism at the His-Pro bond, the results 
for the major form (± 85 %) are taken up below: 
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8.16 (lH,s), imidazole H2 
5.04 (lH,dd) , His Hot 

4.17 (1H, broad s) , Opc Ha 
3 .68 (lH,m) , Pro HdB 
3.14 (lH,dd) , His H0B 
2.37 (lH,m) Pro HpA 



7.21 (1H,b), imidazole H5 

4.48 (lH,dd) , Pro He* 

3.88 (lH,m) , Pro H5A 

3.30 (2H, broad d) , His H0A+Opc HyA 

2.78 (lH,m) , Opc HyB 

2.20 to 2.00, Pro H0B + Hy's/Opc Hp's 



0 



P 



